to be 7 M ⊙ for the inclination between 70 o and 90 o .
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INTRODUCTION
One of the most important parameters in stellar astrophysics is the mass of stars. Eclipsing binaries with well-defined multi-passband light curves and accurate radial velocities for both components provide us with definitive empirical masses, radii, effective temperatures and luminosities. In order to better understand the physics of binary systems and test the predictions of theoretical models, it is thus important to quantitatively analyse the properties of massive binary systems with well-constrained orbital parameters. In this context studies of the rare early B-type massive stars has major highlights.
The relatively bright eclipsing binary GT Cep (HD 217224, HIP113385, V=8.13, B-V=0.34) was discovered to be an eclipsing binary system by Strohmeier, Knigge, & Ott (1962) , who derived an orbital period of 4.908756 d using the 12 times of minima obtained from photographic observations. They obtained the first photographic light curve of the system and classified it as an Algol-type binary. A first spectroscopic study was carried out by Fitzgerald (1964) who obtained the spectroscopic orbit and classified the primary component as a B3 star. Later on the photographic study made by Bondarenko & Tokareva (1975) who revised the orbital period and obtained a light curve containing rather a deep primary minimum and a shallow secondary minimum. Bartolini, Bonifazi, & Milano (1984) obtained UBV light curves and analyzed using the Wood's method.
Photometric observations of GT Cep were also obtained by the Hipparcos satellite (GT Cep being identified as HIP 113385 (ESA, 1997) ) and later in the context of the Northern Sky Variability Survey (Wozniak et al., 2004) . Although GT Cep has been studied on many occasions its astrophysical parameters were not firmly established. On the other hand Ibanoglu et al. (2006) divided the semi-detached Algol-type binaries (SDABs) into two groups. The This paper is organized as follows. I present new spectroscopic observations and radial velocities of both components of the eclipsing pair. By analysing the previously published light curves and the new radial velocities I obtain orbital parameters for the components. Combining the results of these analyses we obtain absolute physical parameters of both components.
In addition, I conclude with a brief discussion of the system's evolutionary status.
OBSERVATIONS
The present study is the result of a collaboration in which two data sets were obtained at two different in the roughly same latitude observatories, using the two telescopes and spectrographs.
The first dataset was obtained with the REOSC Echelle spectrograph mounted on the 182 cm telescope at the Asiago Observatory in Italy, with exposure time ranging from 30 to 45 minutes. The instrument covers the spectral domain between 3900 and 7300Å, divided into 27 orders. The average signal-to-noise ratio (S/N) and resolving power λ/∆λ were about 120 and ∼ 50 000, respectively. Fouréchelle spectra of GT Cep were taken from March 17, 2009 to July 8, 2011.
12échelle spectra of GT Cep were collected with the Turkish Faint Object Spectrograph Camera (TFOSC) 1 attached to the 1.5 m telescope between August 22, 2011 and August 2, 2013, under good seeing conditions. Further details on the telescope and the spectrograph can be found at http://www.tug.tubitak.gov.tr.
The wavelength coverage of each spectrum was 4000-9000Å in 12 orders, with a resolving power of λ/∆λ ∼7 000 at 6563Å and an average signal-tonoise ratio (S/N) was ∼120. I also obtained high S/N spectra of the early type standard stars 1 Cas (B0.5 IV), HR 153 (B2 IV), τ Her (B5 IV), 21 Peg (B9.5 V) and αLyr (A0 V) for use as templates in derivation of the radial velocities.
I applied the same reduction procedure to both datasets. The electronic bias was removed from each image and I used the 'crreject' option for cosmic ray removal. Thus, the resulting spectra were largely cleaned from the cosmic rays. Theéchelle spectra were extracted and wavelength calibrated by using Fe-Ar lamp source with help of the IRAF 2 echelle package (Simkin, 1974) .
RADIAL VELOCITIES AND ATMOSPHERIC PARAMETERS

Period Determination
A total of 22 times of mid-primary minimum and one secondary of GT Cep were collected from the literature and listed in 
The O-C(I) residuals, indicating the differences between observed times of mid-eclipses and calculated ones using this ephemeris are listed in the third column of Table 1 . These residuals for all the times of mid-eclipses of the GT Cep are plotted against the epoch numbers in the top panel of Because GT Cep is a semi-detached Algol-type binary, the system could be transferring mass from less massive component to the more massive primary leading to an upward parabolic change of orbital period, i.e., indicating that the orbital period is continuously increasing. 
where T 1 is the starting epoch, E is the integer eclipse number and P 1 is the orbital period of the eclipsing pair. While the third-term represents the parabolic change in the O − C residuals the time delay or advance of any observed eclipse is caused by the influence of a third-body can be represented by a fourth-term. The light-time effect δT is depended up on the semi-major axis of the eclipsing pair around the barycenter, inclination, eccentricity and longitude of the periastron of the third-body orbit. I have used the conventional formulae given by Ibanoglu et al. (2000) . A linear least squares solution was applied to the data and the coefficient of the third-term and the parameters for the third-body orbit were obtained. The coefficient of the quadratic-term, originated from the mass transfer between the components is calculated as Q=1.28x10 −9 ±0.22x10 −9 days cycle −1 . A secular period increase has been calculated as dP/dt=1.90x10 −7 d yr −1 which corresponds to 1.64 sec century −1 , indicating that mass transfer from less massive to the more massive star at a rate of dM/dt=4.4x10
The parameters of the third-body orbit are listed in Table 2 . My calculation suggests that the eclipsing pair revolves around a third-body, in an eccentric orbit with e=0.047, and with a period of about 57.5± 2.3 years. 
Radial velocity
To derive the radial velocities, the sixteen spectra obtained for the system are cross correlated against the template spectra of standard stars 1 Cas, HR 153, τ Her, 21 Peg and αLyr on an order-by-order basis using the fxcor package in IRAF. The standard stars' spectra were synthetically broadened by convolution with the broadening function of Gray (1992) . The crosscorrelation with the standard star τ Her gave the best result. I have also (Wozniak et al. 2004 ).
Time of minimum
Cycle used αLyr for some spectra.
The spectra showed two distinct cross-correlation peaks in the quadratures, one for each component of the binary. Thus, both peaks are fitted independently with a Gaussian profile to measure the velocities and their errors for the individual components. If the two peaks appear blended, a double Gaussian was applied to the combined profile using de-blend function in the task. I applied the cross-correlation technique to two wavelength regions with well-defined absorption lines of the primary and secondary components. These regions (3rd and 4th orders) include the He i λ6678 and λ5876Å lines, dominant in early B-type stars. Here I used as weights the inverse of the variance of the radial velocity measurements in each order, as reported by fxcor. I have been able to measure radial velocities of both components with a precision below than 10 km s −1 .
The heliocentric radial velocities for the primary (V p ) and the secondary (V s ) components are listed in reference system by adopting a radial velocity value for the template stars.
The radial velocities are plotted against the orbital phase in Fig. 2 where the empty squares correspond to the primary and the filled squares to the secondary star. I have analyzed all the radial velocities for the initial orbital parameters using the RVSIM software program Kane, Schneider, & Ge (2007) . The best fit was obtained for a circular orbit with a mass-ratio of
=0.2415±0.0094 and a projected separation of asin i=28.42 ±0.43 R ⊙ . The orbital solution is presented in Table 4 . The continuous lines in Fig. 2 show the computed curves. 
Determination of the atmospheric parameters
Mid-resolution optical spectroscopy permits us to derive most of the fundamental stellar parameters, such as projected rotational velocity (V sin i), spectral type (S p ), luminosity class, effective temperature (T eff ), surface gravity (log g), and metallicity ([Fe/H]).
The width of the cross-correlation function (CCF, hereafter) is a good tool for the measurement of projected rotational velocity (V sin i) of a star. I use a method developed by Penny (1996) to estimate the V sin i of each star composing the investigated SB2 system from its CCF peak by a proper calibration based on a spectrum of a narrow-lined star with similar spectral type.
For the system, the rotational velocities of the components were obtained by We also performed a spectral classification for the components of the system using COMPO2, an IDL code for the analysis of high-resolution spectra of SB2 systems (see, e.g., Cakirli et al. 2014 ) and adapted to the TFOSC spectra. This code searches for the best combination of two reference spectra able to reproduce the observed spectrum of the system. We give, as input parameters, the radial velocities and projected rotational velocities v sin i of the two components, which were already derived. The code then finds, for the selected spectral region, the spectral types and fractional flux contributions that better reproduce the observed spectrum, i.e. which minimize the residuals in the collection of difference (observedcomposite) spectra. We have derived a spectral type of B2 main sequence star for the primary and A0 sub-giant for the secondary star of GT Cep, with an uncertainty of about 0.5 spectral subclass, by adopting the spectral type and luminosity class which are more frequently encountered. The effective temperature and surface gravity of the two components of each system are obtained as 
ANALYSES OF THE LIGHT CURVES
The photographic BV observations were collected by Bondarenko & Tokareva (1975) . The first photometric elements of the system were calculated using the express method of Tsesesvich. Later on, the system was observed photoelectrically by Bartolini, Bonifazi, & Milano (1984) . The almost complete system were collected in the framework of two important surveys: Hpband data of (Perryman et al., 1997) and R-band data of the NSVS project (Wozniak et al., 2004) . These magnitudes were obtained in a time interval of about three years. The accuracy of the Hipparcos data is about σ Hp ∼ 0.01 mag. The H p magnitudes measured by the Hipparcos mission were transformed to the Johnson's V-passband using the transformation coefficients given by Harmanec (1998) . All the data obtained by several researchers or surveys are plotted against the orbital phase in Fig. 5 .
The most-commonly used code for modelling the light curves of the eclipsing binaries is that of Wilson & Devinney (1971) . This code was up-dated and implemented in the phoebe code of Prša & Zwitter (2005) . One of the main difficulties in this modelling is determination of individual effective temperatures of both stars. Generally used practice is to estimate effective tem- Q and spectral type yield a spectral type of B1 V, in agreement with spectral classification made from the spectra. In addition the infrared colors J-H=0.096±0.05, H-K=-0.007±0.05 mag are given in the 2MASS catalogue (Cutri et al., 2003) correspond to an early B type star.
Logarithmic limb-darkening coefficients were interpolated from the tables of van Hamme (1993). They are updated at every iteration. The gravitybrightening coefficients g 1 =g 2 =1.0 and albedos A 1 =A 2 =1.0 were fixed for both components, as appropriate for stars with radiative atmospheres. Since the preliminary analysis indicates that secondary star fills its Roche lobe, synchronous rotations were adopted and Mode 5 was used in the solution.
This mode is used for the Algol systems, e.g., secondary star fill their limiting Roche lobes. The BV light curves of Bondarenko & Tokareva (1975) , UBV light curves of Bartolini, Bonifazi, & Milano (1984) , Hipparcos and NSV S were analyzed separately.
The adjustable parameters in the light curves fitting were the orbital inclination i, the effective temperature of the secondary star T eff 2 , the luminosity of the primary L 1 , and the zero-epoch offset. The parameters of our final solution are listed in Table 6 . The uncertainties assigned to the adjusted parameters are the internal errors provided directly by the code.
In the last three lines of Table 6 sums of squares of residuals (O − C) 2 , number of data points N, and standard deviations σ of the observed light curves are presented, respectively. It is obvious that the σ-value obtained for the UBV light curves of Bartolini, Bonifazi, & Milano (1984) is the smallest, amounting to at least eleventh of the others. Therefore I adopt the parameters obtained from the UBV light curves as the best fit model parameters for GT Cep. The O-C residuals point out a sinusoidal change which has been attributed to a third-body orbit. We repeated the analysis taking the thirdlight as an adjustable parameter. The analysis showed that there is no sign about the existence of the light contribution of an additional component.
The computed light curves are compared with the observations in Fig. 5 .
RESULTS AND DISCUSSION
Based on mid−resolution spectroscopic observations I have obtained radial velocities of both components for the high−mass eclipsing binary GT Cep.
Analysis of the radial velocities yielded M 1 sin
M ⊙ , and a sin i=28.42 R ⊙ . These values are too different from those of the previous determination by Fitzgerald (1964) . Combining the results of the simultaneous UBV light curves' analysis, listed in the second column of Table 6 , I determined absolute parameters for the components. For calculation of the fundamental stellar parameters for the components such as masses, radii, lu- 
minosities and their formal standard deviations the JKTABSDIM 3 code was used. This code calculates physical parameters and distance to the system using several different sources of bolometric corrections (Southworth et al., 2005) . The final results are presented in Table 7 .
The luminosities of the components were calculated from their absolute radii and effective temperatures. Using these luminosities I have calculated bolometric absolute magnitudes of the components, assuming solar bolometric absolute magnitude of 4.74 mag. Next I applied a bolometric correction for each star based on our spectral type and the effective temperatures, listed in Table 7 , from (Flower, 1996) to obtain their absolute visual magnitudes.
Analysis of the light curve yields light ratio of 0.306 for the V-passband. This light ratio, the observed colours and the intrinsic colour of the primary star of (B − V ) 0 =−0.25±0.01 (Drilling & Landolt , 2000) allow us to estimate an intrinsic composite colour of (B − V ) 0 =−0.27±0.01. Thus, the interstellar reddening of E (B−V ) =0.61±0.01 mag and absorption in the V-passband of A V ) =1.89±0.01 mag are estimated for the system. I arrived at distance modulus for the primary and secondary component as 9.66 and 9.78 mag, respectively, by using V 1 =8.42 and V 2 =9.70 mag. These distance moduli correspond to a distance of 854±43 pc for the primary and 903±52 pc for the secondary star. Since the secondary star is an evolved star and losing its mass I adopt distance to the system estimated from the primary component. has been observed for the third star up to date it would be reasonable to think that this component either might not be a normal star or it is a multiple star system.
